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FOREWORD

This report has had classified material removed in order to
make the information available on an unclassified, open
pLb]iCation basis, to any interested parties. This effort to
declassify this report has been accomplished specifically to
support the Department of Defense Nuclear Test Personnel Review
(NT?R) Program. The objective is to facilitate studies of the
low levels of radiation received by some individuals during the
at,nospheric nuclear test program by making as much information
as possible available to all interested parties.

The material which has been deleted is all currently
classified as Restricted Data or Formerly Restricted Data under
tne provision of the Atomic Energy Act of 1954, (as ar,ended) or
is ~iational Security Information.

This report has been reproduced directly from available
cc,pies of the original material. The locations from which
material has been deleted is generally obvious by the spacings
cnd “holes” in the text. Thus the context of the material
deleted is identified to assist the redder in the determination
of :~hetiler the deleted information is germane to his study.

It is the belief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense !iuclear Agency that the report accurately
purtrays the contents of tile original and that the deleted
Il,aterial is of little or no significance to studies into the
~mounts or types of radiation received by any individuals
during the atmospheric nuclear test program.

.+



FOREWORD
This report presents the final results of one of the projects participating ih the military-effect
programs of Operation Redwing. Overall irlormation about this and the other military-effect
projects can be obtained from WT- 1344, the “Summary Report of the Commander, Task Unit
3.” This technical summary includes: (1) tables listing each detonation with its yield, type,
environ !ncnt, meteorological conditions, etc.; (2) mIps showing shot locations; (3) discussions
of results by pro~rams; (4) summaries of objectives, procedures, results, etc., for all projects;
and (5) a listing of project reports for the military-effect programs.
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Th~ objectives were to: (1) survey the gamma radiation from fallout-contaminated ocean areas
by me~n~ uf aerial detectors and (2) fro[u the aerial detectors make air-absorption measure-
ments so tbt the data might be related to the dose rates at 3 feet above the sea.

IC~diation detectors were mounted in P2V-5 aircraft that surveyed the ocean areas of expected
fal~out afte~ Shot< Cherokee, Zunij Flathead, Navajo, Mohawk, and Tewa. A control center CO-

orciinat~d all air aric! su~f?.ce radiation-survey activities to insure complete coverage of the faU-
out area. The cont:[minztion densities in the delineated areas were related to the percentage of
the total yield that produced fission products. Gamma-isodose plots were prepared from data

obtained during Shots Zuni, Flathead, Navajo, and Tewa. No fallout could be located following
Shot Cherokee and only on atoll islands after Shot Mohawk.

Zuni, a a d-surface shot, contaminated 13,400 naut mi2 of ocean4
J--
—.

r
Navajo, a~ater-surface shot, contaminated 10,500 naut mi2

L
~After Flathead, another water-surface shot, the outer boundary could not be

deternlined%ecause of contamination of project airc raft on D + 1 day by airborne radioactive
material that resulted in a high background. [. alues indicate 29 percent

~ The faliout from the water-

surface shots was concentrated primarily in the more remote a~eas, and a relatively srna[l
amount fell close to ground zero.

Tewa, a r<ef shot, contaminated 43,500 naut miz of ocean r-
—

HeIlcopters-and P2V-5 aircraft were used to gather data for air-absorption measurements.
The aerial-survey technique may be used directly for radiological surveys over land. Over

the sea, the depth of mixing of the fallout in the water volume must be determined before the
survey results may be converted to equivalent land-fallout contours and contamination-density
distributions. Data on depth of mixing was obtained from samples of sea water collected by the
U.S. Naval Radiological Defense Laboratory and the Scripps Institute of Oceanography. Repeated
aerial surveys provided information on the stability of the contaminated volume.

.
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1.1 OBJECTIVES

The objectives were to: (1) survey the gamma radiation from fallout-contaminated ocean areas
usi[lg an airborne detector and (2) make air-absorption measurements so that the data from the
airb, rne detector might be related to the dose rates at 3 feet above the sea.

1.2 BACKGROUND

During Operation Ivy, the USAEC Health and Safety Laboratory (HASL) carried out a program
of aerial surveys of the islands outside the Eniwetok Proving Ground (Reference 1). No major
fal[uut occurred on any of these land surfaces. Traces of contamination were clearly discernible
from the air, indicating the feasibility of aerial surveys, However, with the meager basic data
then available, it was not possible to determine whether the contamination from a multimegaton
shot, namely, Shot Llike, was primarily deposited as local fallout or remained in the upper levels
of the atmosphere.

A similar program of aeriaI surveys was organized for Operation Castle (Reference 2). It
was expanded to include monitoring installations at certain selected islands outside the Eniwetok
Proving Ground. Shot 1 deposited appreciable fallout on the monitoring installation at Rongerik.
Although heavy fallout was thus documented from a muItimegaton shot, no estimate of the total
quantities of contamination in local fallout cou!d be formed. Succeeding shots in this series de-
posited little cont,tmination on any of the islands.

Just before Shot 5 during Operation Castle, it was found that fallout material remained sus-
pended in the sea. Radiation detectors were hurriedly mounted in aircraft, and the ocean was
surveyed following Shots 5 and 6. The work was necessarily limited by the lack of special radia-
tion detectors, sufficient personnel, and aircraft. Because only one aircraft was available, the
survey was confined to the area between 20 and 100 miles from ground zero. However, the rough
estimates based on this survey data indicate that each of these shots contaminated about 4,000 miz
with somewhat--less than half of their total fission yield (Reference 3).

The experience during Operation Castle indicated special problems that would arise in aerial
surveys, particularly in surveys over t;le ocean. Navigational correlation would be difficult to
achieve over the open sea on long flights. One aircraft could not cover the widespread areas
contaminated after megaton-range shots. Isodose data could not be reduced in the aircraft, al-
though required immediately during the flight period to control the aircraft’s flight pattern.
Baronletric aItinleters are not accurate enough to provide the close altitude control necessary

for relating readings of radiation to an equivalent surface level. And lastly, the radiation detec-
tor would need special characteristics for the aerial-survey operations. The detector would
need a fast speed of response, shielding to minimize the contribution of aircraft contamination
to the readings, and independence from the aircraft supply of power for any critical section of
the detector. The voItage from the aircraft generators varies over wide limits, and regulation
must be added separately. Also, it would be highly desirable for the detector to have a lcgarith-



mic response, so that a wide range of radiation intensity could be recorded ulthout a ch,lnge of

scales.
The Top Hat aerial r,idiation detector was developed by HASL to overcome these problems.

Units v,ere Installed in three AD-5N aircraft and field-tested at the Nevada Test Site (NTS)

during Operation Teapot.
The AD-5N aircraft used during Operation Teapot were transferred to an aircraft carrier for

surveys following the undersea test during Operation Wigwam [Reference 4). A wide range of
radiation intensities were encountered in this operation. The first pass over surface zero was
shortly after H t 11 minutes, and measurements were made which extrapolated to approximately
400 r,’hr dt the surface. At the other extreme, surveys were made at D + 4 days to delineate
the edges of the ~o!:’~il~inated area, \vhere the dose rates ‘,sere approximately 0.1 mr/hr.

The Top Hat system \vas modified for Operation Redwing, and additional units were constructed.
No changes were made in the basic detecting elements; however, the hermetic sealing was im-
proved in antic il]ation of the humidity at the Eniwetok Proving Ground.

1.3 ‘1’HEORY

rt,e heat ri- ‘.l!ting from an atomic explosion vaporizes the products of the explosion and the
bomb casing. Soil and water in the vicinity of ground zero are also vaporized and picked up by
the updraft produced by the rise of the ball of incandescent gases. On cooling, the material in
i he firei~all condenses ii~to particles that include the radioisotopes resulting from the fission
i)rQ~ess and from neutron acti~”ation of inert materials. The energy released in the expIosion
\vill i,~fl:.el~ce not only the qua[ltity of particulate material but also its altitude distribution in the
vicinity of gros[ld zero. The portion of the yield related to the fission process is represented

by the amount of radioactive contamination carried by the particles. Once the particles are
formed, they fall and, influenced by the winds, will reach the surface displaced frcm ground

zero. The radioactive fallout from megaton shots may contaminate thousands of square miles
of surfnce.

The .,not CCllLiltlons influence the form and qL}al]tity of the fallout. When a shot is exploded on
land, a large amount of soil is picked up and much of it is vaporized by the intense heat. This
i-::terial condenses in a ~~ide range of particle sizes. Some of the radioactive products are con-
!cn,~d around large particles that were picked up in the updraft but not vaporized. These larger
p. Lr{Lclcs fall rapidly and reach the surface relatively close to grouod zero.

~,~rlen a shot t~kes place at the surface of deep water, vaporized water can carry some of the

lctility away froln the site. The large particulate fallout encountered in the land shot will be
missing, ar. d this will be reflected in the distribution of fa!lout on the surface.

An air shot is one in which the fireball does not touch the surface, so that compared with sur -
fdce shots relatively little foreign material is vaporized. Because there are no available partic-
ulate on Which the fission products can condense, most of the active material remains in the
upper ~t]no~phere ~nd little fallout is likely to be detected in the vicinity of the shot site.,’

1.3.1 Fallout Contamination of a Water Volume. When the contamination falls into the sea,
dis~ersion and dilution carry much of th~~=below the surface (Reference 3). The inter-
vening ~~ater acts as a shield between the surface and much of the gamma activity. Thus, the
radiation dose rstcs measured above the surface are reduced n]any orders of magnitude; however,
sensitive detectors can be used to de Iineate the area of contamination. Also, if samples are
f{kcn at various clcpths, the quantity of radioactivity present can be integrated to the maximum
depth of mixing, and in this manner, it is possible to secure isodose distributions of the fallout
as they uould appear on an equivalent land surface.

The location of detector and source volume on a coordinate system is shown in Figure 1.1.
Becnuse of the absorption of the gamma rays by the water , radiation detected above the surface
comes from the top 10 to 20 cm of the sea. The following equation describes the variation of
clf],e rate, I ~, above such a contaminated voIun~e (Appendix A, Equation A.1O).
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v- — CvL(h, 8) W’hl (1.1)

2
curies pcr cubic n]eter
a polynomial, dependent on the altitude of the aircraft, h; and half angle, 6
which subtends the diameter at the s’irface cont~rllination.

TtIe g~[[lm~~ rays from the fis.~1([~ product- are assumed to h~ve an effective garIIIi II ei~crgy of
0.5 hlc: wtle[l 1 to 6 clays old (Reference 5). This reference states qual[titatively that gamnlz

curies and i:ta curies are nearly equivalent in this period.
Estimates based On this assumption indicate that contamination with a beta activity of 4.43 x

10G(dis/min)/liter at the surface shuuld produce a 1 mr/hr gamma flux at 3 feet from the surface,
when the diameter of tile co[ltaminztion is large erough to appear infinite (0 = 90 deg).

T–

/

\

)-dp

7

cl

‘<
Figure 1.1 Coordinate system of gamma radiation from a water volume.

Fallout of 0.404 megacurie per naut miz deposited in the sea, uniformly mixed to a depth of
60 meters (Reference 3 and Section 3.4.2), would produce a 1 n]r/hr gamma field at 3 feet abo$’e
the surface.

The gamma dose rate at any altitude fa, related to the 3-foot value is expressed by the ratio
of the polynomials L(h, 90 deg). The altitude absorption I/fa is plotted in Figure 1.2.

-.

1.3.2 Fallout Contamination of a Land Surface. When fallout is deposited on land, the con-
taminated area appears as a large plane source. ‘At any point in the radiation field, the gamml
intensity will include contribution from a circle whose radius is determined by the absorption of
the g~mma photons in air. The dose rate ( ) above such a plane is given by the following equa-

5
tioo (Appendix A, Equation A.15).

1P = 3.4427 CpJ(h, 8) x R/hr

Where: C = curies per square meter
J(h, 8) = a polynomial similar in construction to that in Section 1.3.1.

With the same assumptions as for the water case (Eo = 0.5 Mev and the ratio of beta and
gamma curies equal to 1), 2.1 x 10 T(dis/min)/ft2 of beta activity will result in a 1 mr/hr gamma
field at 3 feet from the surface, when the source diameter is proportional to 8 = 90 deg. A

13



gamma field of 1,000 nlr/hr will correspond to a contamination of 0.356 megacurle per naut miz.

The altitude absorption factor, over land, is shown in Figure 1.2.

1.3.3 Radioactive Decay. Mtied fission products have been assumed to have a radioactive
cle~~y proportional to t-l.z (Reference 6), to reduce the aerial-survey measurements to a common
tilne, t is the time since the detonation.

Large amounts of Np23g may be found in the fallout from thermonuclear shots. It is possible
to calculate the expected increase in the total activity, over that resuIting soIely from fission

200 I

z
c

~
m

$

I~
y
2

6

0 Ico Zcc)

h= Altitude , Feet

Fi~re 1.2 Radiation attenuation referred to h = 3 feet.

products, from the capture-to-fission ratio of the device. The decay characteristics of the faU-
out zctivi!y \vi~l be mcdified by the h’p23gcontribution. The NPZ39can be present in amounts up to
50 percent of the total activity, 1 to 3 days after the shot, based on a mixed fission product ac-
tivity described in Reference 7.

Because of the Iow energy of the neptunium gamma emission which is predominately 120 kev,
the Np 233adds relative~Y small contribution to the gamma dose rate when compared to the aver~e

fission-product gamma energy. In water the mean free-path length of the lower-energy gamma
ray is less than that for the mixed fission product gamma; hence, a lesser volume at the surface
of the ocean- contributes to the dose rate measured above the surface. This is inversely propor-
tional to the total absorption coefficients of water, at 120 and 500 kev, and reduces the neptuni-
um gamma contribution to 60.6 percent. In addition, the lower-energy gamma flux deposits less
energy per unit volume of air , and therefore contributes less to the dose rate. This is an addi-
tional reduction to 18~z percent of the fission product dose rate (Reference 8). The aerial-survey
detector response is down to 75 percent at 120 kev energy (Figure 2.5). Because of these factors,

even v.ith the neptunium gamma ray contribution to the total activity at 50 percent, the dose rate
response in the Top Hat detector will’be increased about 4 percent. The relative attenuation,in
air, for these two gamma energies, approximately 65 percent, reduces the neptunium gamma
contribution to less than 2~z percent of the fission product dose rate measured at an aircraft at
300 feet flight altitude.

It is possible that other isotopes lnay be formed, depending on the
test. Primary ainong these is Na24 produced by neutron activation of
This isotope has a 14.8-hour hatf life and emits two gamma photons,

14
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the sodium in sea water.
1.38 and 2.76 Mev. Rcfcr-



er. ( e 6 :~lay t~c US( I LOCIC(~ICCthe do.., rate c~!ltribution for an all:$l~nt, in curie , e-pal to th:!

for tt n~ixed fisbllJil prod’~cts. ltic dose-rote n~asurement at 300 feet is more sc’nsi!i.c to

this isotope by a factor of 3.6 beczu~e of its increased roentgen conversion from c(lries, and tlic
larger ~olurne of water co[)tributing to the surface radiation flux.

1.3.4 Distribution of Fallout. To estimate the distribution of fallout, the equation relating_.. . —.-.—c— __
gai,jl,:~ dose rate abov{ the surface to contdrnination density in a ‘~olume of sea water may be
used In c,~nju!iction with the isortose distribution charts and depth of mixi[ig measurements. The
colltam,’latlon density in a thin layer at the surface may be estimated from the average gamma
dose rate in the various isodose defined areas. Summation of the estir,lated contamination would

t
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Figure 1.3 Determination of estimated outer boundary.

yie[d an estimate of the megacuries of surface radioactivity in the fallout area. This may be

correlated with the depth of mixing and the total fallout activity computed.
Lf the falIout is deposited in the sea, the eq~ation in Section 1.3.1 indicates that a contamination

demsity of 1 megacurie per naut miz would produce a gamma dose rate of 2.5 mr/hr at 3 feet
from the surface. The same contamination density, on land, would produce 2,800 mr/hr (Section
1.3.2). For rough estimates, 1 mr/hr at 3 feet over water is equivalent to a 1,000:1 increase
in activity per””naut mi2 when compared to 1 mr/hr on land.

The calculations for land and water are summarized as follows: on land, 1 mr/hr at 3 feet is
equivalent to 2.1 x 107 (dis/min)/ft2 or 3.56 x 10-$ megacuries/naut miz; on water, 1 mr/hr at 3
feet is equivalent to 4.43 x 10s (dis/nlin)/liter or 4.04 x 10-* megacuries/naut mi2 where depth of
mixing is 60 meters.

When the f iss ion product falls into the sea, the outer boundary of the contaminated area will
be indicated by gamma-radiation readings that are only slightIy above the background gamma
dose rate. Flg~re 1.3 illustrates the radiation profile across a contaminated area. The esti-
mated outer boundary (EOB) from a shot with a high-fission yield is indicated at A and D. A
shot with the same total energy yield, but producing a smaller quantity of fission products, will
have an EOB at B and C. Both shots may have the same actual outer boundary, yet the mini-
mum detectable limit of radiation of the instrumentation will result in a low estimate for the
area. For material-balance calculations, the quantity of radioactivity outside the EOB will be

small in relation to the quantity located in the higher-intensity areas.
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Chapter 2

PROCEDURE
2.1 SHOT PARTICIPATION

Prior to the operation, aerial surveys were scheduled to follow Shots Cherokee, Zuni,Flat-
head, Navajo, Apache (secondary participation), and Tewa. Because Shot Cherokee was delayed,
Program 2 requested that the project acid Shot Lacrosse to its schedule in order to give the aerial
survey an opportunity to obtain operational experience. However, this survey was cancelled,
because fliSht clearance below 1,000 feet in the region of Eniwetok Atoll could not be obtained.

A change in the Apache scheduling introduced a conflict with the project’s participation during
Navajo. The new schedule called for dual capability involving both Eniwetok and Bikini Atolls.
Part ic ipation in Apache was therefore, canceled.

Because of the long waiting period between Flathead and Navajo, the project requested sec-
“,’ldary partic ipation in Shot Mohawk.

Preshot surveys were flown before the Navajo and Tewa shots, based on a Program 2 request,
to Ajfine the background status resulting from the flow of contaminated lagoon water over the
reef at Bikini.

Iiclicopter missions, for altitude absorption data, were originality scheduled after Shots Semi-
nole, Mohawk, and Navajo. The mission for the latter was subsequently cancele~at the request

of the project, because of a shortage of personnel. During June and July, it was necessary to
assign two technic iails to Kwajelein to service the aerial-survey equipment; therefore, they were
no longer available for on-site operations.

The projert operations are summarized in Table 2.1.

2.2 OPERATIONS

Many projects in Program 2 studied different phases of faIlout. Project 2.64 developed iso-

dosc plots of the contaminated area by aerial surveys. The operations were primarily to secure
aerial survey data; subsidiary measurements were performed in support of this objective to

correlate this data. Altitude absorption studies were required to verify the correction factors
used in xelating the aerial survey to a reference plane 3 feet above the surface.

2.2.1 Aerial Surveys. Four P2V-5 aircraft \vere assigned for the project operations, and——- d
w-ure administratively attached to the Security Squadron, Patrol Squadron 1. Three of the air-
craft were supplied from outside the squadron, and the fourth came from its assigned strength.
The squadron provided all maintenance and operational control. This control was shifted to the
Program 2 Control Center on the USS Estes, AGC - 12, during the aerial-survey fltghts. The
Air Operations Officer, Task Group 7.3, assumed primary radio guard during this period.

The plan of the project air control in the Program 2 Control Center is shown in Figure 2.1.
The communication routing is shoivn in Figure 2.2. The telemeter operator logged all incoming
radiation readings, which were immediately recorded on a time-based continuous plot. Naviga-
tional information was received from the radio operator on Channel C (6693 kc). The Project
2,64 Operations Officer correlated the navigational and radiation data on the rough flight-control
chart. The plotter transferred this information to the tactical isodose plot, under the supervi-
sion of the 2.64 Project Officer, who used the flight and isodose charts to determine the next
area of search for each aircraft. The operations officer laid out the required navigational ref -

16



erc[~~es fc]r the desigll:,(: c1fllght lCJS and transferred this information to the working flight ~’.

The Task Grclp 7.3 Air Operations Officer reviewed the legs for flight safety, and the i[~f’~1’1~
tion was rclzyecf to the appropriate aircraft by the radio operator.

D-day flights used one aircraft, with a second aircraft on standby. The fLights were ~imit~d
to the upwind areas until active fallout had ceased. Surface ship reports, received by the Proj -

TABLL 2.1 SUivl\tARY CJF PROJF CT OPER.\TIONS

Shot Date Time –
Aerial

Location
Altitude—

Survey Absorption- ——

Cherokee

Zuni

Seminole

Flathexl

Mohawk

Navajo

Tewa

21 ,May 0551M

28 May 0566}[

6 June 1255M

12 June 06?.611

3 July 0606M

11 July 05S6M

21 July 0546M

Bikini

Bikini

Eniwetok

Bikini

Eniwetok

Bikini

Bikini

D-day
D+l

D-day
D+l
D+2
D+3

D-day

D-day
D+l
D+2

D+l D+2

D–3*
D_~*

D-day
D+l
D+2
D+3

D_l*

D-day
D+l
D+2
D+3
D+4

* Preshot surveys of lagoon water outside the Bikini Atoll.

ect 2.63 repr( sentatives in the Control Center, indicated when faNout had stopped in the close-in
downwind sector. The aircraft was then controlled through the area to limits described by the
ship reports. The D-day flights delineated the upwind boundary and obtained some intensity
readings in the radioactive area immediately downwind of ground zero.

Two aircraft were used on D + 1. One delineated the close-in radioactive area and confirmed
the upwind boundary located on the previous day. The second aircraft flew an extensive search
pattern to locate the edges of the contaminated area.

The D + 2 survey re-examined the overall contaminated area. One aircraft was usually suffi-
cient. However, the Tewa pattern was so large that two aircraft were needed. Flights on sub-
sequent days used one aircraft and tracked the area until the dose rates became too low for
adequate delineation.

Survey data which delineated the outer boundary and points of interest in the fallout pattern
were plotted in the control center to guide the Project 2.62 surface ships with their oceanographic
surveys

During the period prior to the next shot, each aircraft was scheduled to spend a day on Site
Fred for instrument calibration and service. Two technic ians calibrated each radiation detector
at Kwajalein prior to and immediately following each survey flight and returned the Top Hat de-
tectors to Site Elmer between shots, where a complete routine battery change and recalibration
was performed.
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2,2.2 A’Lit..ide~bs(,rp!iofl. Because col~sideratio[l~ Cf flight safety linlit the minin:u,,, altll.1’_.—.
at ihjiic~ i I ur:iit can fly oter \\ater, automatic ga’oma nmnitors \\~re mounted over the : i[lc~ of

t~v(>ships of Project 2.10, to measure the gamma-radiation field at 35 feet above the ses surfc?ce.
This was to prot’ide lo~v-a~titude readings simultaneous with aircraft pdsses in the same zrc~
at hi~i]cr altitudes.

Survey aircraft mad. altltLlde-calibr: ttioll passes over islands of the Eni’,~eto!i Atoll after Shot
Moha\vk . After Shot Teu)a, the P2V-5 dropped a smoke light in the open sea to be used as a
navigat~onal reference and made altitude passes in the vicinity. These data are examined for
the variation of radiation readil~g between different flight altitudes and given in Section 3.2.

HeLiLopt~r~li~sio(l~,aftershotsSenlinoleand ~~ohawk,obt~i[leddatasimilartothea~titurje.

correct ic{l-calibration d:i!~ collected by the survey aircraft. Because the helicopters could not
sa!. ly hover at low altitw. !es, complete information could not be obtained. It had been planned to
obt?in g:).nln]l-energy sp,ctra at various altitudes above a contaminated surface. The Top Hat
dose-rate response was to be compared to the gamma-energy spectra to determine whether the
assunlption of air-equipment response was va\id. However, instrumentation difficulties and the
limitations in hovering altitudes resu[ted in fragmentary data. The survey using a scintameter

obt? ined cios~ rate readings at altitudes between 25 and 1,000 feet.

2.3 INSTRLNIENTATION

The major instrunlentation consisted of aerial radiation detectors. Scintillation survey meters
and ship-mounted gamma monitors were used for measurements relating to altitude-correction
factors. A spectrometer was used to obtain the distribution of the gamma energies at survey
ak~tudes. The instruments are described in Appendix B.

2.3.1 Aerial Survey. Each of the project aircraft had the following equipment: (1) Top Hat
aerial radiation detector, HASL TH-10-B (Appendix B); (2) detector control assembly, I-fASL
TC-14-A; (3) strip-chart recorder, Esterline Angus Co., AW; (4) telemeter assembly, HASL
TT-3-X; (5) power supply, HASL TB-6-A; and (6) radio transmitter, U.S. Navy ART-13. The
permanent components were installed by the Overhaul and Repair Department, U.S. Naval Air

Station, Alameda, California, at the air station prior to Operation Redwing. The removable
components were installed by project personnel after the squadron deployed to the EPG.

The location of the assemblies is indicated in Figure 2.3. The radiation detector was mounted
aft to avoid the major areas of aircraft contamination, namely, the engines, oil-cooler air in-

takes, leading edges of the wings, propellers, and front of the radome. The cabin intake vents
were sea[ed to prevent contamination of the interior ductwork. The control assembly and the

operator were placed forward, next to the navigator. This facilitated close correlation between

the navigational and radiation reports. The remainder of the equipment was located on an

available-space basis.-. .
The relationship of the various sections, both in the aircraft and in the Program 2 Control

Center, is shown in Figure 2.4. The radiation detector and its associated control assembly
drives a strip-chart recorder to provide a permanent, continuous record of the radiation inten-

sities as measured in the aircraft. This detector is nearly air-equivalent from 80 to 1,400 kev,

Figure 2.5. An annular radiation shield is built into the detector to reduce the effect of aircraft

contamination. The angular response due to this shield is shown in Figure 2.6.
The aircraft’s radio altimeter (U.S. Navy APN-1) supplies an altitude indication to the altitude

compensator, which modifies the radiation detector so that its output is a current that is propor-

tiona~ to the radiation which wou[d be measured at 3 feet above the surface. As the altitude
changes, the compensator corrects the resulting radiation change and keeps the ground-level
reading constant.

The telemetering system did not perform satisfactorily. The radiation readings on the
aircraft radiation-detector strip-chart recorder were, therefore, transmitted by voice over the
navigational net. At the control center, the radiation readings were logged and immediately

plotted.
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2.3.2 Altitude Absorption. The automatic gamma monitors, HASL TN-4-C, !~”ere mounted

on %e YAG-39 and YAG-40. Each instrument was mounted at the end of a boom that was also
~sed to suspend the depth probe of Project 2.62. The boom extended 35 feet from the side of the

ship and was set at an approximate mean height of 35 f@et above the sea. An Esterline-Angus
strip-chart recorder was installed in the shielded control room on the ship, to continuously

record the gamma dose rate. The installation of the monitors and recorders was accomplished
by Project 2.10.

Scintameter survey meters, HASL TH-3-B and TH-7-A, were used for helicopter operations.

Gamma dose rate was measured at various altitudes over contaminated water and land surfaces.
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RAD&R OPERATOR
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ALTIMETER

L.-l
Figure 2.3 Radiation-survey-equipment mounting locations
in P2v-5 aircraft.

A gamma spectrometer, HASL TM-10-A, which consists of a scintillation head, pulse-
height analyzer, and a recorder, was loaded into the same helicopter. The 28-volt power in the
helicopter was converted [o 115 volts, 60 cps, by a separate inverter to supply the spectrometer.
The count rate at various energy levels was observed on a meter as the base line automatically
swept through an energy scan from 50 kev to 3 Mev.

The survey aircraft had the’ same instrumentation as described in the previous section, PIUS

a scintameter survey meter, TH-3-B.

2.4 R~QUiIiED DATA

The project operations were directed mainly toward obtaining isodose plots of the gamma
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2.4.1 D1s~ribution of Contamination in the Sea. The gamma isodose plots may be directly
rel~~cd to the surface lzj’er of cent.]inination in the sea. To obtain these plots, ga[[~n]a rlc!s?
rate v,.15 re~urllcd in the aircrzft as it was flown on a search pattern. The aircr,~.ft flcu between
design, tcd points at constant speed. The plot of the flight leg was thc[~ marked with time divi-

sions. The recorder chart is calibrated in time, so the gan][n~ reading can be related to the
positio[~ of the aircraft. Readings \rere plotted on the flight chart, and points of equal dose rate
col]nected to develop the isodose chart. The values of these isodoses were then corrected to
H + 24 hours and to 3 feet above the surface.

2.4.2 A~titude Absorption. To refer the aircraft reacli[los to 3 feet above the surface, veri—.
fication of the atte[~u~tion resulting from air absorption was required. Survey aircraft and heli-
copter passes at varying altitudes were made over fixed locations to obtain the gamma dose rate

as a f.lnction of altitude.

2.4.3 Stability of Contaminated Area. Variations in the density of surface contamination—.
dul~[]~:an=a~s-~r~~-c~~ modify the estimates of the Location on an isodose line, because
various points along this isodose must necessari~y be determined at different times. The sur-
face stability is direitly influenced both by surface ocean currents that horizontally translate
the contamination, and by mixing which removes contamination from the surface. The gamma-
intensity measure m~nts made by aerial surveys cznnot view the gatnma activity of contamination
more than a few feet below the surface of the sea. A measure of the stability of a contaminated

area may be achieved by coxnp~ring the aerial-survey results over a period of several days.
The change in position of the isodose lines provides information on the horizontal translation of
the surface contamination. The area enc Iosed by a given isodose pattern is proportional to the
amount of surface contamination.

Data on the verticai-mixing function may be obtained directly by the analysis of sampIes
taken from varied depths at a specific location. The analysis is included as Appendix D.
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3.1

Choplef 3

/WsuLLS
~TSTRUMENTATION PERFORMANCE

The bulk of the radiation-detection equipment performed satisfactorily throughout the opera-
tion, The limit of detectability was cfetermined by the background dose rate on, or close to, the
~c!cctor. Because the source of radiation to be measured, namely the surface of the sea, was
locat~’d considerable di~t~nce from the radiation detectors, contamination on or close to the de-
!ector units ‘Trould contribute a relatively large portion of the total reading.

The aer]al-sur~’ey dose-rate Ineasurerncnts were continuously recorded and stored on a strip-
chart recorder. The strip charts were correlated with the navigational logs to develop prelimi-
nary isodose plots. The results of the surveys are presented in this compiled form. The altitude
aij>orption measurements are presented as gamma dose rate versus altitude and have been fitted

to ‘in .~i]propriate, derived curve.

3.1.1 .Ierial Surveys. The records of 37 pre - and post-flight calibrations of the Top Hat.—
detectors have been sun]marized in Figure 3.1. Thirty-two calibrations were within plus or
JmIIUS 1 percent of the rfcsired cur~’e. This is within the reading accuracy of the recorder. A
l-l:rcent instrument stability corresponds to a 10-percent radiation variation because of the
logarithmic character of the sca~e. Ail calibrations were v ithin a maximum limit of * 25 percent
of the desired respwl. se.

AS n,vntioncd previously, the automatic telemetering system failed to provide reliable trans -
lnission of the aircraft data to the control center on the USS Estes, AGC-12. Voice relay of the
r~-~order readings over the nasig-ational net, Channel C, was substituted. The ship’s radio re-
ceivers rlid not provide clear, long-range communication with aircraft operating at an altitude
Jf 300 feet. A radio receiver, U. S. Army R-390, was obtained from Task Unit 3 and tuned to
the airc raft frequency, Channel C. ‘~he R-390 had a lo~ver noise level, and the aircraft trans-
missions could be clearly detected at a greater distance. When ,an aircraft exceeded the reliable-
cornmunication range, messages were relayed through a second aircraft.

3.1.2 Altitude Absorption. The automatic gamma monitors mounted on the YAG-39 and
YAG-40—,~ere calibrated for each shot participation prior to departure from Site Elmer. Exami-
l~ztion of the calibration records shows close conformity to the desired radiation response.

A plastic bag was used to protect each monitor. However, the bag became contaminated
during fallout, and the readings of sea activity were completely masked. The readings could
not be used to provide a surface measurement for aircraft-altitude calibration.

The scintalneter survey meter ~ras calibrated just prior to each helicopter mission. Long-
trrn] st;{blllty was [lot required for this application.

\Vhen used in a helicopter, the gamma spectrometer required alternating cur~ent power which
was supplied by inverters fed from the 28-volt supply in the helicopter. During Shot Seminole,
!Iie vibrator-type inverters failed. Rotary converters were obtained, and a dry run scheduled
prior to Shot Mohawk. The energy response was checked against sources containing known
~dioisutopesj and the performance was satisfactory. The mission was flown on Afohawk D + 2.
011 .~r~ival at the st:~tion, the recorc!er failed because of the heavy vibration encountered during
the hovering of the !~elicopter. Visual observation of the meter was used to obtain general energy
[Distributions at 500 and 800 feet. The piIot was unwilling to risk hovering at lower altitudes.



3.2 ALTIT~)E; ABSCJRPTION MEASLREhIEYIS

Data on radiation versus altitude, over land, are sumrnzri~.cd in Table 3.1. Scintameter

survey meters were used for the measurements during helicopter missions. A TOP Hat radiation

detector and a scintameter were used in the P2V-5 aircraft.
The differences in the absolute values of the readings in the P2V-5 are due to the difference
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Figure 3.1 Summary of 37 pre - and postflight
radiation detectors.

in the energy response of the two types of detectors. The

I I

I .0 1,2

calibrations of Top Hat

scintameter, TH-3, uses a sodium

iodide phos-phor, which is more sensitive to soft gamma radiation. The Top Hat detector uses
a plastic phosphor and has a response that is nearly energy-independent. The response of the
two types of instruments is summarized in Figure B.2. Because fresh fission products have a
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TABLE 3.1 ALTITUDE RADIATION DATA OVER LAND (E NIWETOK ATOLL)

Altitude mr/hr” mr/hrt mr/hrl mr/hr# mr/hrq mr/hr**

ft

1,000 1.0, l.ltt
800 130 1.5

600 180 1.8

500 0.7 1s 5.7

400 2.8

300 1.0 1.2 30 8.5

200 1.9 1.9 500 4.1 42 12.5

100 950 70, 55tt 18.0

75 1,200

50 2.5 2.3 1,700 11.0

● Mohawk + 2, over Tilda, scintameter TH-3, S/N 25 in helicopter.
t Mohawk + 2, over Tilda, scintameter, TH-3, S/N 2 in helicopter.
} >lohavk + 2, oier Sally, scintameter, TH-7, S/!4 3 in helicopter.

: Seminole D-day, over Janet, scfrrtameter TH-3 in helicopter.
f Mohawk + 1, over Janet, scintameter, TH-3, in P2V-5.
.* Mohawk + 1, over Janet, Top Hat radiation detector in Pzv-5.
tt Values from repeat runs.

gamma-emission energy that is considerably softer than the radium used in instrument calibra-

tion, the sodium iodide detector should read high on an actual survey.
The data in Table 3.1 ‘,vere normalized to the theoretical curve, and are shown in Figures 3.2

and 3.3.
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Figure 3.2 Radiation attenuation over land (Helicopter).

)0

Table 3.2 summarized the data obtained over water, and these are plotted in Figure 3.4.
Additional data of this type have been derived from measurements made in previous operations.

This information is presented in Appendix C. The curves in Figures c.1 and C.2 show a similar

correspondence to the theoretical curves.

26



_—

—
. ,,,-;-E:I== --=

o %intameter in P2V ACFT . — .——-—

a A Top Hot in P2V ACFT —
;
cc

g

A __

%

z
a) Theoretical Curve
y

&’1 0. —.

_.——.

6
0. 200 400 600 800 I(XO

Altitude, Feet

Figure 3.3 Radiation attenuation over land (P2v-5 aircraft).

la) I
\ P2V

() 12-OIN, 164-41E

A 12- IIN, 165-02E
—...

--K
_——

o Off Janet
——

8

Theoretical Curve ‘“

-i--
—

I0 0 \ —

7L
0 200 4(X3 600 800 1000 1200

Figure 3.4

Altitude ,Feet

Radiation attenuation over water.

27



As discussed in Section 3.1.2, the distribution of gamma energies was estimated from the
visual observations of a meter on the gamma spectrometer. Observations at 500 and 800 feet

above Site Sally on Mohawk D + 2 showed a Leneral response where the predominant port ion of
the energy spectrum fell between 350 and 600 kev.

3.3 DISTRIBUTION OF FALLOUT

The isodose charts contained in this section have been referred to H + 24 hours and gamma
‘*‘2. The flight altitudedose rate at 3 feet above the surface. The decay correction is based on t

was 300 feet for all surveys, so the altitude cor~ection is based on a factor of 2.5.
.
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.. Figure 3.5 Flight pattern, Shot Cherokee D-day.

The EOB is based on a minimum detectable limit by the detector of 0.01 mr/hr. This con-
verts to 0.025 mr/hr at the surface. Where there are no flight legs in a position to close an

isodose plot, dotted lines indicate the estimated position. The estimates are based on previous

days’ results \vherever possible. Contamination enclosed within an isodose bounded area is
c~lcu~ated on the }~asis of the average ganlma intensity bet\veen consecutive isodose lines, and a

contaminiltion density of 0,4 nlegacurie/naut miz for 1 mr/hr of gamma dose rate (Section 1.3.1).

3.3.1 Shot Cherokee. The D-day flight encountered no radiation intensities above the cfetec -
table limit. The flight pattern is included to show the area searched (Figure 3.5). The D + 1
flight was used for instrument check, because no contamination \vas found on the previous day.

3.3.2 Shot Zuni. The D-day flight examined the region in the vicinity of the atoll (Figure
3.6]~~e~&e there was not enough data to develop isodose plots, radiation profiles have been
plotted along the flight legs.
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The D + 1 flights locxted the EOB and delineated the contan-, inateci arI_ . (Figure 3.7). A CI,-

tatrinatcd patch was suspected to be northeast of Bikini, based o(1 the ~t[itrol ce;:ter pIots.

During the data reduction, a navigational reporting error was discovered which changed the
relatively isolated patch from the northeast to a position almost due east of Bikini.

TABLF 3.2 ALTITUDE RADIATION DAT.\
OVER WATER

—
AItitude mr/hr* mr/hrt mr/hrf

ft

1,000 0.41
800 0.52
700 0.12 0.225
600 0.135 0.225 1.1
500 0.135 0.29

400 0.175 0.38 2.1
300 0.175 0.4?

200 0.225 0.62 1.4, 1.7s
50 2.6, 3.0s

—

● Tewa + 3, 12-01 N, 164-41 E, Top Hat detector
in P2V-5.

t Tewa + 3, 12-11 N, 165-02 E, Top Hat detector
in P2V-5.

~ Seminole D-day, off Janet, scintameter, TH-3,
in helicopter.

5 Values from repeat runs.

The D + 2 flights (Figure 3.8) investigated the northeast sector without discovering contami-
nation. The eastern contamination was not SUSTected unfil the data-reduction period, so no
further examination was scheduled in that sector.

The D + 3 flights (Figure 3.9) reconfirmed the hot area. No further flights were scheduIed,

TABLE 3.3 SUMMARY OF FALLOUT DISTRIBUTION, ZUNI

Isodose Area Difference Area Average Contamination

mr/hr mi2 *i? m r/hr mc

D+l

1.25 165 165 1.25
-- 0.25 4,677 4,512 0.59

0.125 8,433 3,756 0.18
0.025 13,683 5,250 0.06

I
D+3

0.75 757 757 1.25 ‘
0.25 6,775 6,018 0.50 I

as low intensities were encountered on this day,

The fallout distribution is summarized in Table 3.3.

3.3.3 Shot Flathead. The D-day flight discovered relatively high dose rate just west of
Bikini (Figure 3.10). The position immediately adjacent to the reef indicated that this could be
lagoon water passing over the reef, rather than fallout. This area was not completely mixed,
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a> the D + 1 survey does not inrlicat, : con)); rable dose r:. tes. The aircraft cc:ountered acti~e

fa!lo.lt a!ld became contaminated. A replacement ~ircraft was flovn to the survey area, This
also becd[[.c contaminated. At no time vds the level in the airc raft allo~.ced to exceed 20 mr/hr.

Both aircraft on the D + 1 flights (Figure 3.11) were also lightly contaminated. Active fallout
was enco’.:ntered 100 miles north\vest of Bikini at H + 30 hours. The northwest sector was
closed, as far as aerial surveys on D + 1 were concerned. AS indicated on the chart, it was
nc.: po~,,ihie to clcse the is[cl~se plot at th.{t tin]e.

The prujcct hld four aircraft to choose from for the D + 2 flight, ail reading a background of
approximately 0.1 mr/hr insicle the cfctector shielding. The survey for this day could not detect
any surface contamination reading above a minimum detect.~b!e limit of 0.25 mr/hr at 3 feet
fr~.,m the surface. Table 3.4 summarizes the fallout distribution.

————.
Isodose Area Di[ft, rcnce Area

—A>
. ~

——
mr/hr mi2 mi2 mrl’hr i

0.? 383 383 0.368
[

0.1 909 525 0.148
0.05 3,350 2,44? 0.074 /
0.025 11,000* 7,650* 0.037

I

.= .—.,.
● Based on estimattd position of isodose line.

The EOB is roughly estimated and may not be representative of the actual extent of the con-
tamination.

3.3.4 Shot Mohawk. A survey of the islands of Eniwetok Atoll was flown on D + 1. The island
readings are shown in Figure 3.12. The readings are referred to 3 feet above the surface of the
islands by a factor of 5.8 for the 300-foot flight altitude (Figure 1.2). Sites Fred and Elmer were
excluded fro]]] the survey pattern, because a 300-foot flight altitude would have interfered with
the air traffic in the vicinity. The open-sea aerial survey could find no detectable contamination
in the area searched (Figure 3.13).

3.3.5 Shot Navajo. A background survey was made on D– 1 day to determine if the hot inten-——— —-—
sities, reported by Project 2.62, adjacent to the reef after Shot Flathead, could have come from

contaminated water crossing the reef. This flight (Figure 3.14) subsequently became a D– 3
survey because of postponement of the shot. The next flight (Figure 3.15) became the D–2 sur-
vey, again because of a postponement. The airc raft flight, on the day which would have resulted
in a D– 1 survey, was not completed because of malfunction.

The background surveys were coordinated with a Project 2.62 ship survey. Because the
shape and position of the contaminated area varied from day to day, it is possible that the varia-
tion may have been a function of the surface winds. An outline of the area, based on the ship
data has been included as Figure 3.16. The agreement between these plots appears good, in
view of the 12-hour displacement between the ship and aerial survey.

The D-day survey (Figure 3.17) located the estimated upwind boundary. On D +1, the flights
covered an area of 10,000 mi2 but did not close the 0.025 mr/hr isodose line in the northwest
sector (Figure 3.18). The D + 2 chart (Figure 3.19) shows that this isodose extended farther
than estimated on the previous days. The narrow 1.25 mr/hr line extending to the west of the
atoll had disappeared. Reef readings have been included in this chart.

The summary of the fallout distribution (Table 3 .5) indicates considerable instability in the
contaminated area during the aerial-survey operations. As experienced after the previous water
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Aaraanblru
AltBu
Ardymil
AOmon
Blljlri
Bogalrlkk
BOgallua
~gombogo
BOgon
Bokonaarappu

Vera
Olive
Bruce
sally
Tllda
Helen
Alice
Belle
Irene
my

Chinleero

Chinlmi
Cochita
Coral Heads
Dxxlru
Elugelab
Engebl
Znlwetok
Glrllnlen

o

Alvtn
Clyde
Da@y

?&ck, -car
Ruby
?lora
Janet
Fred
K81th

*ri. Glenn
JaPtan David
!tlrbrlan Lucy
‘“M- Zona
m Henry
Mualn Kata

-ry Elmer

Ptlrad Wilma
pokon Irwin

/

mm

Rtbalon
Rigtli
R@oa

Wchl
~joru
Runlt
2andlldefonso
Teltelripucchl
Yelri

James
broy
Ursula
Clara
Pearl
Yvonne
Edna
Gene
Nancy

Figure 3.12 Atoll readings, Shot Mohawk, D + 1 day. All readings referred to
mr/hr at 3 feet from the surface and to the time of the survey. Sites Elmer and
Fred not surveyed.
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S!.IIk, Flat2@ad, In’Jchof the fallout rcII.p:II. airborne. Thus, fallout and mixirlg in th: s- \ ctiulcl

be expectedto persist well into D~ 1.

3.3.6 Shot Tewa. A D– 1 survey (Figure 3.20) defined the background status to the west of-.——. —
the atoll, prior to the shot. The D-day fligh,t (Figure 3.21) located the upwind boun.!ary. The

TABLE 3 5 SL’\lhlAKY OF F.\ LLOLIT D[STRIf3UTIC)X, N.AV.A.JO --- ““. .._- ----
_.— _ — —

4“ -

— ———

Isodose Area Diffcre[,. ~ Area Average I

~ mi2
—. ~i? mr hr

\
D*1

1.25
0.25
0.125
0.025

fj+p

1.25
0.25
0.125
o.rJ~5

158
958

1,7!38
10,490”

90
1,267
3,263

20,930”

158
800
830

8,702

90
1,177
1,996

17,667

1.35
0.75
0.18
0.06

1.35
0.75
0.18
0.06

I

I

— ---- ->
— ——

* Based on estimate of isodose position.

D .1 survey (Figure 3.22) discovered a contaminated area extending over 200 miles west of
Bikini. The outside boundary could not be closed on this survey, because of the far-out sector
contained active fal[out from Shot Hur~n. The D + 2 survey (Figure 3.23) extended the estimated
position of the EOEI The isocfosc was still not completely closed. The airc raft was not allowed
to lose radio contac :, so the survey covered only the area out to 275 miles from Bikini.

The 0.25 mr/hr sodo~e extended into the far northwest sector on D + 1. By D +2, the position
had shrunk to apprc .:imately a third of the enclosed area. The predicted pattern shows that this
far-out material co~ld not be expected to arrive before H +19 hours. Thus, it is probable that
the readings in the area on D + 1 were due to material that was not completely mixed. By D+2,
some 30 hours had ?Iapsed, and mixing was probably complete.

The D + 3 and D -4 surveys, Figures 3.24 and 3.25, delineated the hot area, permitting an
examination of the shape and position of these inner are~s from D + 1 through D +4. Table 3.6
summarizes the fallout areas throughout the shot participation.

3.4 SAMPL~i OF CONTAMINATED SEA WATER

Duplicate sample ; of sea water were furnished to this project by the U.S. Naval Radiological
Defense Laboratory (NRDL) and by Scripps Institution of Oceanography (S10) from their sea-
sampling programs. After the close of Operation Redwing, these sampIes were analyzed for

beta activity in the particulate and salt fractions at the HASL.

3.4.1 Gamma Radiation as a Function of Beta Activity. The analysis of each sample, the
gamma intensity estimated at each sampling location, and the comparison of these results are

contained in Appendix D. A straight averaging of the beta activity andthe estimated gamma in-
tensity yieIds a figu~ e of 4 X 10g (dis/min)/liter per mr/hr, The wide variability of the compari-
son for each sample obviates definite conclus ions. However, much of the data falls within *50
percent of the theoretical calculation of 4.43 x 10s(dis/min)/liter of beta activity per mr/hr of
gamma activity 3 feet above the surface. Thus, these results may be considered indicative of

validity of the assumption.
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TABLE 3.6 SUMhLARY OF FALLOUT DISTRIBUTION, TEWA

.——— —- —-- ..-

Isoclose Area Difference Area Average /

D+l

2.5

1.25

D+2

2.5

1.25

0.25

0.025

D+3

2.5

1.25

D+4

2.5

1.25

0.25

1,230 1,230 5

2,390 1,160 1.84

1,150 1,150 5

2,340 1,190 1.84

6,750 4,410 0.75

43,505 39,095 0.125

982 982 5

2,035 1,053 1.84

1,070 1,070 5

1,695 625 1.84

3,580 2,955 0.75

t

I
{ ..

------ ‘“-”

TABLE 3.7 SULINLARY OF DEPTH SAMPLES OF SEA WATER

Shot Station Sample Time Distance* Surface Total. .
—.

H+hours naut mi 103(dis/min)/liter 103(dis/min)/cm2

Flathead F-2 29.5 32 20 93

Flathead F-5 49.5 39 32 205

Navajo N-17 90 — 230 658

Tewa T-5 41 31 266 1,514

Tewa T-7 52 54 124 563
Tewa T-8 59 13 51 412

* Distance from surface zero.
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3.4.2 Depth of Mixing. The analyses of samples from various depths are included in Appendix

D. The summary of these results (Table 3.7) show beta activity of the surface samples, and the
integrated area under the curve for depth versus beta activity of sample. This area is representa.
tive of the totzl activity contained under a square centimeter of ocean surface.

The surface and total activity are plotted in Figure 3.26. This figure indicates an effective
depth of mixing of 60 meters fo~ fallout deposited in the sea around Bikini Atoll. A more thor-
ough discussion of the mixing function may be found in Reference 9.
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Chapter 4

mcusslolv
The accuracy of the dose-rate mcasurel-:lr~ts depends on the navig~ti(~n, instrumentation, and
correction factor’s that refer the aircraft readings to the 3-foot rcfcre~ces plane. The isodose
plc}t+ nc.=t closely represent the act~al talluut distribution in ti-,( region where the flight legs are
clos together. Less inform~tion is available in the far-out ~rc~s, because of the greater cfis -
ta[~~es bet’;, een the legs of the fllgi]t patterns. The position of isocfose lines are estimated be -
twe?n the measured equa! dose -rat( points.

4.1 OP1;ILtT[{~NAL PERFORIIAXCE

The records of the Top I!:lt aerial s’urvey n]eters indic.~te that their calibrations remained
st~ble throughout the surveys. Conlplete and frequent calibrations were made to insure optimum
oper~tion of the equip ~)lent. Only one breakdown, an interconnecting cable break on Zuni D-day,

occ Jrred during the entire ok ration.
The fzilure of the autclr~-i.~tic telemetering link between the aircraft and the control center

crd,l!c:! the requirement for more intensive clerical effort in the data-collection period. Voice
transmission of the data provided immediate information for the tactical isocfose plot and the
flight-control charl, but the aircraft positions and radiation records had to be reviewed during
the deve~opmeni of the survey plots.

The airborne radioactivity encountered after Shot Flathead limited the contaminated-area
surt ey. The EOB of the fallout coulrl not be detected after the aircraft became contaminated;

ho..~i tr, high-value ismiose data were obtained, and a parti:{l plot was developed.

4.2 DATA RELL4BILITY

Errors in delineation of areas enc Iosed by isodose lines depend on variations during the sur-
vey and on the estimates of iso(!ose positions between mezsured points. Navigational accuracy,
variations. in the individual radiation detectors, and the accuracy of determining the aircraft
altitude contribute to the accuracy of the primary measurements.

Determinations of surface dose rate and contamination are dependent on the primary meas-
urements and the accuracy of the theoretical calculations...

4.2.1 Isodose Determinations. Navigation was based on Loran fixes at the end, and at points
during each flight leg, Each transit along a flight leg was flown at constant speed and course

heading. The aircraft positions are estimated to be within a 3-mile error circle at any tinle.
The radiation response of the Top Hat detectors was assumed to be represented by the cali-

bration curve (Figure 3.1). Reproducibility of all instruments was within 10 percent for over
87 percent of the calibrations, and no instrument exceeded 25 percent at any time. The change
in radiation intensity at the edges of the highly contaminated sections is rapid. A 20-percent
er~or in the reading will not displace the 0.25 to 1 mr/hr isodose contour by over a mile. This
is well within navigational accuracy.

The aircraft are assumed to have been within 5 percent of their reported altitude, based on the
specified accuracy of the APN-1 radio aLtimeter. This altimeter indicates the altitude between
surface and aircraft directIy and is not dependent on atmospheric pressure. Altimeter error
does not appear directly in the results, rather the error is modified by the slope of the altitude

55



correction factor. The altitude error at the 300-foot level has a muimm value of 15 feet based

on the APN-1 specification. The altitude correction-factor error will be less than 4 percent.

The absolute value assigned to an isodose depends on the calibration of the radiation detector
and altimeler, and on the altitude-correction factor. The major assunlption of an average

gamma-emission energy of 500 kev in evaluating the altitude absorption derivation is supported

by the gamma-spectrometer results (Section 3.1.2), and the ratio of the radiation readings of an
energy-dependent detector and the Top Hat detector during a survey over the Eniwetok Atoll
(Section 3.2).

Examination of the radiation dose-rate relations between various altitudes over land and water
during Operation Redwing (Section 3.2), during previous operations (Appendix C), and during Op-
erotion Plu:nhbob (Reference 12) indicate the validity of the assumptions and the accuracy of the
calculated altitude-correction values.

4.2.2 Cont~mination-De nsity Determinations. As indicated in Section 1.3.4, fallout on a land

sur~ace is expected to produce, at 3 feet from the surface, a gamma dose rate about 1,100 times
higher than the dose rate resulting from the salne fallout density in the sea. Agreement of data
uith the theoretical derivation prirriarily depends on the accuracy of three factors: (1) the depth
of vertical n~ixing, because material below the surface of the sea will not contribute to the gam-
ma field, (2) the average gamnla-emission energy, ivhich determines the thickness of the surface
layer that does contribute tothe gamma field, and (3) the air absorption, which determines the
surface area vie!ved b-y the radiation detector. The equivalent depth of mixing was estimated as

60 meters (Section 3.4.2). This is in e~sential agreement with measurements made during OPS
cration Castle.

The experimental ‘work was based on only a few stations and did not necessarily represent
the conditions throughout the fallout area. However, variation in mixing will introduce variations
in the area enclosed by an isodose contour; this is discussed in Section 4.3.1. The average gam-
ma energy and the altitude absorption characteristics assumptions are supported by several
,llCa SUCelIIE’rltS as discussed in Section 4.2.1.

~here is one direct comparison of the land and ~fater equivalence based on the fallout follow-
i,)g Tewa (Fig~re 3.23). ‘The isodose pattern encloses Parry Island, Eniwetok Atoll. This island
:s lucatect hetveen the 25 and 250 mr/hr land-equivalent isodosc lines (0.025 and 0.25 mr/hr water
~odose). FQdsafe L]]easurements indicate a gamma dose rate between 100 and 125 mr/hr on

parl-Y at 24 h~urs foIIowing Shot Tewa,
Tl~c ~(jntqlni:l.lticjn density c~lcul~tions are based on the factors discussed above, and on the

relationship bctiicel~ beta and gamnla curies. A direct comparison of the conversion between
gamma dose rate and beta specific activity is discussed in Appendix D. The measurements are
not conclusive. However, the general trend of this data does agree with the theoretical calcula-
tions (Section 1.3.1).

. .
4.3 DISTRIBUTION OF CONTAMINATION IN THE SEA

The fallout estimates based on the aerial-survey charts show a definite relation to the fission
yield. However, the distribution of this material is not related to the total energy yield, because
the conditions of the shot —~vater, land, or air- – affect the fallout. Meteorological conditions
also p!ay a major part in determining the area of contamination.

4.3.1 Stability of Contaminated Area. Fallout deposited in the sea is acted upon by the ocean
currents, producing a horizontal translation of the location of the material, and a vertical dis -
~l~CI?Illf2nt based on the mixing of the material in the sea volume, To obtain a measure of the
stability over a period covered by the aerial surveys, measurements were repeated from day to
day. All gam[na radiation measurements were referred to 3 feet from the surface and to H +24 “

hours so that a cen~mon comparison could be made for any particular isodose area. The hori-
zontal translation is clearly indicated by the positional shift of the isodose pattern. The vertical

mixing is indicated by the amount of area enclosed within the described pattern.
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Shot “rOCJ[ Ylt>l/! shot site Alt’i” i Fallout

fit ~i2

Tew& 5_o Reef 43,500
Na. ,,, MJtc[ 10,490
Z.1[11 -3 5 Lan,l 13, iO(J

ch~~okcc ‘- - Air None

Blithe.+, !e W’atcr
w-

11,000
1—— —— — .——

‘mcl pcil pets
----

]

1- “’

I— .—
● .Art. .io, ttoo 1 n!, ‘hr at ![ T ’24 hours and 3 feet above surface.

t };-([1 on 6,6; (I m /}1( (li~fcrencc 6)

I B:IC(>I)on m ‘. i.,; 10: .L[c ‘ ... lh)n the surieyed area, Tables 3.3 through 3.6

5 B~>e(J on c.’r ;,:o!el v~!Ics, Fi~lres 4.1 and 4.2.

~ Flathead SU! ~, !Im]f.ecf bj a!rcr,l[t cortalnin?tion. Re>ults bL.. d on estimated position

of bot]ndn I j

of surface displace lnent is clear Iy ~isible, the enclosed area is approximately the same each day
within the limits of measurement error.

Till indlcatioms arc that the survey results, properIy related to mixing in the ocean volume,
may be usl~d fur estimates of fallout density. The oceanographic surveys of Project 2.62 (S10)
pro, i-le nlorc dcL.~i[ed study of the mixing function.

4.3.2 Estimates of Total Fallout. The fallout distribution from the aeriaL-survey estimates—-.——
are plotted in Figures 4.1 and 4.2. The percentage of the total fission yield is displayed against
the partic~llar boundary isodose contour. These curves can then be extrapolated to the zero mr
gamma contour and the estimate made of the total amount of fallout in the local area. The con-
clusions must be applied jucficiousiy, because the estimates are not between measured values,
but an extrapolation beyond the survey area.

The estimates are summarized in Table 4.1. The megacurie summaries represent the mate-
rial within the EOB of the surveys, and the percentage fallout is based on the percentage of the
total yield found within the surveyed area and on the values extrapolated in Figures 4.1 and 4.2.
Natural radiation background and the residual background from previous shots vary from place
to place. Because small fluctuation in the radiation detector readings are an indication of the

boundary of the fallout, variations in background will affect the outer boundary estimates (Section
1.3.4). While this does not vary the position of the isodose lines, it does affect the position of
the EOf3 and the estimates contained in the fallout summations.

Of the isotopes produced by neutron activation, two are primarily important in contributing
to the gamnla activity: Npz3g and Naz4. The NP239 contribution to aerial-survey measurements
is small, because of the low energy of its gamma photon (Section 1.3.3).

The Na24 emits high-energy gamma photons and Can increase the gamma dose rate measured
by aerial survey appreciably in the period from 5 to 100 hours (Section 1.3.3). Measurable
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amounts of Na ‘~ would result in large deviations in the decay time of the gamma dose rate. The
off site monitoring stations of JTF-7 did not disclose decay perturbations that COUld be attributed
to this effect. However, the NRDL reports evidence of Na24 in the fallout collected on the ships

operated by Project 2.6.
Became no definitive measurements are available at this time and the NP239 gamma dose rate

contribtltion is negligible, the material balance calculations includeci in this report are based on
mixecf flssiuo proclucto only.

. .
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Chptef 5
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5.1 CONCLUSIONS

The gan]ma radiation field over fallout-contaminated ocean was successfully surveyed by

aerial detectors after Shots Zuni, Navajo, and Tewa. No fallout was found in the sea following

Shots Cherokee and hlo!mwk.
Contamination on the aircraft determined the minimum detectable dose rate over the sea.

Airborne radioactive material }vas encountered by the survey aircraft on D + 1 day after Shot

Flothead. These isodose plots therefore were limited to the relatively hot close-in fallout area.
.

5.1.1 Altitude Absorption. The field measure ments of gamma dose rate at various altitudes

over contaminated lafid and \vater areas agree with the relationships developed by theoretical
calculations.

A 500-kev average gamma-emission energy was assumed, and this is substantiated by the
ratio of readings of an energy-dependent detector compared to the readings of an energy-
independent detector.

5.1.2 FalIout Distribution. A land-equivalent isodose plot may be inferred from the surveys
fJVe-r the sea. For example, a fallout density of 0.36 megacurie/naut miz, on a land surface, will
result in 1 r/hr at 3 feet from the surface. The same falIout density in the sea, after mixing,
will resuIt in 0.88 mr/hr at 3 feet from the surface (Section 1.3.4). However, the location of
the isoduse contours must be corrected to the location of the ocean surface at the time of fallout.
The rcpc~t surveys on subsequent days after the shot indicate the distortion of the contours, and
the direction and magnitude of the ocean currents at the surface. The 0.1 r/hr gamma dose rak
at Parry Island 24 hours after Shot Tewa agreed Nith its location between the 0.025 and 0.25
r/hr l~nd-equivalent is>cfose contours dctermi~led from the aerial survey over the sea.

The land-equivalent convers ion is based on uniform mixing of the fallout in the sea to a depth
of 60 meters. Samples of sea water from various depths provided the data on which this esti-
mate was based. VJhiIe onIy a few stations could be sanlpled, the reproducibility of the areas
ellcluscd by the isocfose contours from aerial surveys on succeeding days indicate that the mix-
ing lICCOmeS stabilized for a reason~ble number of days after a shot.

5.1.3 hIaterial-Balance Estimates. The conversion from fission-product contamination den-
sity~g~~=ose rate could not be conclusively validated from the data available. However,
estimates were made based on the calculated factors. The measurements show no detectable fall-

out from the air burst, Shot Cherokee.

L

4
Tllc two water-surface shot ~ Flathead and Navajo,

~allout m the local area
r

Shut Zuni was fired on a land site, and its fallout accounted for,
~It is possible that the soil picked up in the fireball p~ovides relatively heavy

p:lrticles which, on condensation, fall to the surface faster than the products resulting from a
v;:~tcr shot.

r
T~e f.{[lout from Shot Tewa, firecl on a reef site, was approximately
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5.2 RECO}IhlENI)ATIONS

operationally, D-day aerial surveys provide little information because of the necessity of
avoiding active fallout. Even light contamination on an aircraft hinders surveys on later days
when the intensity from the sea is reduced by radioactive decay. Unless the aircraft can be
decontaminated, aerial surveys should not be made on D-day.

With regard to instrumentation, a linear-scale radiation detector would provide more accurate
and more readable recordings over water, where most of the gnmn~a dose rates are slightly
ab-ve the natural background of the sea and the aircraft. The lc}garithmic scale is essential for
surveys over land, where a wide range of intensities must be measured.
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Appendix A

D5%WWON of AL TIT(WF ABSORPTION
of GAMMA RADIATION

Keran O’f3rlen, Radiat]on BrSnch, Health and Safety Laboratory

The cq~iation gi\ ing the dose rate above a hole in an

. fini!c half -~p.ice that subtends an angle 8°, ‘,~hen the

h~lf-.p.~ e ]s uniformly contaminated $rith a gamma

c,!;ilter, is d~<( ,ib~d in Refer enct lo and is:

E
I—

2UY
l(h, tie)

k
(Al)

Li%ere: E is the gamma enelgy emitted per cubic centi -

n)eter by the contaminant

:: )s the {iensity of the .~.bsorbing medium

h IS the height of the detector, in meters, and

Y
Pt—, the ratio of the total attenuation co-
Fe

efficient to the energy absorption coefficient

of the medium, corresponding to the source

cne rgy

For A:

,i(h, 0°) = ~{tuEi (–tu) + e ‘tu B(tu)} (A. 2)

t = pth, u T sec 6°, and B(tu) is a polynomial

The dose rate above a pl~ne, similarly contaminated,

can be obta, ned by the partial derivi~ti\re of Equation A.1

to obt.lln fin infinitesimal thickness of slab:

aI
Thy clh = 1P (A. 3)

1P
= .2% pt dh M(tu) (A. 4)

\\,lh M(tu) = –Ei(–tu)+e ‘tu[B(tu)-B’ (tu)–1] (A.5)

dB -
M“here: B t = —

d(tu)

‘rhe clearing on the surface also subtends on angle 0.

For the case of 1adidtion from !vater or land con-

tamin.itud with fi .>ion products, seen by an aircraft-

mounted detector, a finite diameter of contamination

on the surface is described by a half-angle sensitivity,

8.

CASE I. Water contamination from Equation A. 1.

L(h, 0) A(II, O“)– A(h, 0) (A.6)

and

where j is the disintegration per second per cubic cen-

ti~neter and EO is the akerage source energy.

1= #y L(h, 0)
v

The constants may be converted to appropriate units

to relate contamination density to gamma dose rate by:

CWe (3,600)
K=

Wt
E.

Where: c = 3.7 x 1010 (photons/see)/m3
q = 4.8 x 10-lOesu

Pe = 3.54 x 10 ‘Scm-i (for water)

‘S \fev (32.5 ev)w s 3.25x 10 .

3,600 sec/hr

106 ems/m’, and

EO is assumed to be 0.5 Mev

Them

[
0.3549.—

2
CvL(h, 6°)R/hr

v
(A.1O)

where C = curies per cubic meter.
v

(A .9)

CASE 11. Land Contamination

J(h, 0) = Jl(h, @O)–M(h, 0) (All)

and

ptEfJh _ PeEoK

x- 2s
(A.12)

where k represents disintegrations per second per

square centimeter.

This reduces Equation A-4 to.

PeEok J(h, ~0)_—

‘P - ?U
(A.13)

W’ith the constants converted to appropriate units as in
Case I, and 104 cm2/m2.

K = cctue(3,6Wk
Eow

1P =
3.4427 Cp J(h, 6°)R/hr

(A.14)

(A.15)

E Eoj
-—

%7 - 2UY
(A.7) where Cp = curies per square meter.
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Appendix B

DETAILS ofMAJOR IMWV7W7WS
B.1 AERIAL K\ D1.l TION DETECTOR, H.-lSL TH-10-B

The Top Hat aerial radiation dete~tor i< a scintilla-

tion dttcctor Utili71ng plastic phosphors. The pho>-

phols are coupled to photo multiplier tut]cs, and the

integrated current output is amplified by a dc amplifier

The amplifier has a logarithmic response and covtrs a

4-decade ral,gc of radi.~tion inten>itj. By switching

beti~cen tuo pt.oton]ultipliers which have different-size

phosphols, two ranges of 4-dccacIe.. ezch are achieved:

Range A, 0.01 to 100 mr/hr, ~nd Rnnge B, 10 mrihr

to 100 r/h{

The A phosphor is 3 in;hes in diameter and 3 inches

high, and the B phosphor is It/t inches in diameter and
3/8 inch high The output of each range varie= f’ om O

to 1 ma and drives a strip-chsrt recorder, Esteiline

Angus Co. , AM’. The radiatioc calibration of a typical

unit is shown in Figure B.1. Both phosphol s are colli-

mated by an annular lead shield, which was added to

reduce the effect of aircraft contamination.

For a more detailed description of the instrument,

see Reference 11.

B,~ ~L_f[T(jD~ co&l&IE~s~T’oR

The surface radiation reading, R3 is related to the

aircrlft reading, Ra/c, by a constant, fa, which de-

pends on the height above the surface. Thus, R3 =

Ra/C x fa. However, the circuit current is related to

the logarithm of Ra/c, and the altitude, h, is propor-

tional to the logarithm of [a. The indicated multiplica-

tion can be performed by the addition of the logarithms:

R3 = Ia/c+kh (200 <h < 1,000)

Where: I is a current measured in mi[!iamperes

k is a circuit constant

The altitude -compenstion circuit electrically adds an

altituclc signal, derived from the aircraft radio altim-

eter, APN-1, to the output of the detector circuit. The

aircraft radiation reading is continuously modified for

changes in flight altitude, and the surface readings re-

main proportional to the gamma intensity at 3 feet above

the surface.

B.3 TELEMETER, HASL TT-3-X

The telemeter is connected in series wfth the strip-

chart recorder and converts its drive current, O to 1

ma direct current, to an alternating-current wave form

suit~ble for transmission through audio circuits. The
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output of the telemeter is a 1,000-cps tone, gated on and

off within a l-second cycle. The ratio of on to off time
within the l-seconJ tin~e int.!~.d is pJoportion:~l to the

input dc signal. Theic bursts of 1,000 cps ma) be

coupled dit-ectly into the microphone input of a radio

transmitter or stored on an audio tape recorder.

A high-fidelity transmitter, U. S. Navy ART-13,

was usecl in the P2V-5 aircraft. It has an output power

rating of 100 watts. Continuous operation is not possi-

ble because of heat dissipation limitations. Also, the

transmitted signal blocks the receivers in the aircraft.

Therefore, the telemeter output, the gated 1,000-cps

tone, is recorded on a tape recorder running at 3~4-in/

sec. The tape is then manual Iy shifted to a pIayback

recorder, which runs at 30-in /sec. The recording

reel, containing up to 30 minutes of data, is played

back through the r<{dio transmitter in less than 4

minutes.

An electronically regulated power supply, HASL

TB-6-A, supplies alI the voltages to the telemeter and

the detector control assembly. The regulators com-

pensate for the varying 28-volt input pofver from the

aircrdft generators.

The telemeter central station is connected to the

earphone output jack of a receiver, which is tuned to

the transmitter frequency. The input to the central

station has a noise filter, designed to reject 54 deci-

bels of radio noise above the signal level. This is

fo]lowed by a conventional ratemeter which converts

the bursts of 1,000 -cps tone to a deflection of the pen

on a strip-chart recorder.

B.4 AUTOMATIC GAMMA MONITOR, HASL TN-4-C

The automatic gamma monitor is based on a detec-

tor similar to the Top Hat aerial radiation detector.

A plastic phosphor is optically coupled to a photomul -

tiplier, whose output is converted in a dc amplifier to

a logarithmic response. The unit reproduces a radia-

tion range from 1 mr/hr to 10 r/hr on a single scale.

The output is continuously recorded on an Esterline

Angus strip-chart recorder. The monitor operates on

115-volt, 60-cps cui-rent and is completely sea!ed in

an immersionproof case.

B.5 SCINTAMETER SURVEY METERS

The scintameters are portable survey meters that

are powered by dry batteries and are completely self-

contained.
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The TH -7-A uses the same phosphor ar, d cin ii! JS

the Top Hat [’?.ii~tion detector meter m. ! t (s a o.c:lrly

air-equivalent energy response. The unit h.~s a logar-

ithmic scale, calibrated from 1 mr/hr to 10 r/h[

The standarJ high-sensitivity scint~meter, TH-3-B

uses a sodillm im!i~!e detector that has an energy

dependent doa L -rate response (Figure B.2). It hls a

logaritbnlic scale, calibr~ted from 0.01 to 100 mr,’hr.

B-6 GAhIMA SPECTROMETER, HASL TJ1-10-A

The gamm~ spectrometer is a single-channel, auto-

matic-sweep puIse-height an?l]. zer. Its detector is a

tryst.{1 of soJium iodi~le, th.lilium, io,ll(!, ~:ti. I 1,

4 inches it} diam~!cr and 4 inches high. The clfruits

are desigrle,l to handle high pulse rates, ard the rJte

meter section is calibrated in seven rang< s from Loi’
to 100,000 counts/see. The base line may be se[ected

as 3, 1.5, or 0.75 Mev fl(ll scale ant! S’.t’ept auto> )stv

call} from 1 rninutc to$houl. s for the fll]]–enc l’:> sc3n

Data is cfispl~yef! on a A!osely .Au!og:af 2, X-Y

recorde[-.

The unit operates on 115-volt, 60-cps current. For

helicopter use, external inverters must be supplied to

invert the 28-volt current of the aircraft.
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Appendix C

ALTITUDE AB5’OAPTIO/VMEASUREMENTS
DU/i’LIVGF7H40US (2W?AT’’ONS

,Ierial dose-rate measurements above contaminated

areas have been abstracted from records of previous

weapon tests. These data include surveys over land

~ontaminated wllh old md with fresh fission products,

and $ur Leys over water containing fresh fission

nroducts.

Table C.1 contains d LU collected over land con-

taminated with old fission products, at the Nevada Test

Site, bet\veen operations and prior to Operation Castle.

curve, except the Plumbbob gamma dose rates that

have been related to the surface measurement. Figures

C.1 and C.2 are altitude plots for land and water, re-

spectively. The agreement with the calculated attenua-

tion curve is v. ithin the limits of error imposed by

altitude measurement and instrument calibration. A

single surface reading, i. e. , 3-foot dose rate over

land, usuaIIy deviates markedly from the value pre-

dicted from the readings at higher altitudes. This is a

T.4BLE C.1 ALTITUDE ABSORPTION MEASUREMENTS

OVER LAND, OLD FISSION PRODUCTS

Absorption of Radiation
Altitude 1* 2t 3i.

ft pet rnr/hr pet mr/hr pet

3 100 4.3 57,128 4.3 50
50 — — — 2.0 40

100 — — — 1.8 36
200 25 0.79 22 1,0 22
400 — 0.56 13.5 0.75 15.5
500 10 0.40 11 0.38 8.2
800 — 0.11 4 — —

* NTS, 1951, old shot site, scintilog TH-2, normalized
from a series of ground and aircraft readings.

t Janet Island, Eniwetok Atoll, prior to operation Castle,
scintameter TH-3, P2V aircraft.

.

~ Janet Isl~nd, Eniwetok Atoll, prior to Operation Castle,
scintameter TH-3, helicopter.

During Operations Teapot and P1’~mbbob, careful

!Ijcasurements were made 3 feet from the surface, in

conjunction with simultaneous aeriaI measurements.

Data abstracted from these surveys (Reference 12) are

included in Table C.2.

Fresh fission products in water volume were exam-

ined during Operation \\ ’iguam (Reference 4), and the

altit,udc absorption measurements are contained in

Table C. 3.

All d~ta have been normalized to the theoretical

function of the nonhomogeneous contamination on the

smafl areas viewed close to the surface and the un-

evenness of the surface. The NTS (Table C. 1, No. 1)

and Plumbbob (Table C.2, Nos. 2 and 3) data are based
on careful surface measurements, made by survey

over an extended area and averaged; and the 3-foot

value agrees with tbe predicted values. Measurements

over water are difficult to obtain, because a ship will

distort the radiation field. Data below 50 feet from sea

surface are not available.
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TABLE C.2 ALTITUDE ABSORPTION MEASUREMENTS OVER ~ND,
FRESH FISSION PRODUCTS

All measurements mada with Top Hat detector TH-10-A.

Altitude
Absorption of Radiation

1* 2t 3t. -, -T

ft m r/hr pet mr/br pet

3

50

100

150

200

250

300

350

10

6.3

4.8

4.3

3.3

2.75

2.35

1.85

70 t’

49

34

30

23

19

17

13

400 1.7 12

450 1.52 11
500 1.7 12
550 1.3 9.2
600 1.0 6.2
700 — —

800 0.76 5.7

900 — —

mr/hr

250
—
—
—
—
—
31.7
—

—
—
21
—
—
13
—
6.9

pet

100
—

—

—

—

—

12.7
—

—
6.4

—

—
5.2

—
2.8

100 100
— —

— —

— —

— —

— —

15.9 16
— —

— —

— —

8.6 8.6
— —

— —

4.8 4.8
— —

2.7 2.7

● Operation Teapot, 19S5, NTS, Shot Turk.
t Operation Plumbbob, 1957, NTS.
$ Operation Plumbbob, 1957, NTS.
s 10 mr/hr, based on single surface reading at 3 feet.

TABLE C.3 ALTITUDE ABSORPTION MEASUREMENTS

OVER WATER, FRESH FISSION PRODUCTS

Aititude
Absorption of Radiatton

1* 2t

ft mr/hr pet mr/br pet

50 83 83 — —

100 72 72 — —

200 60 60 17 52

300 40 40 — —

400 35 35 15 32
600 20 20 10 18
800 10 10 6.1 10

1,000 5 5 — —

● ~eration wig-m, 1955, sclntameter TH-3, helicopter.
t Operation Wigwam, 1955, Top Hat detector TH-10-A,

AD- 5N aircraft.
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Appeodix D

4VALYTICALDATAf{om SAWLLS of SEAWATEii
Duplicate samples of sea water were furnished by the

NRDL and the S10. At the HASL, each sample was fil-

tered and ttr relnairtder evaporated. The beta activities

for both particulate and salt fractions were determined

by counting. These data were corrected for radio~~ti~c

decay on the basis of the decay curves in Reference 7.

D.1 SURFACE SAivlPLFS

The beta analysis, corrected to H + 24 hours, is sum-

mariz,ecl in Tables D.1, D.2, D.3, and 12.4, for Shots

Zuni, Flathead, Navljo, and Te’Aa. The sampling loca-

tions were plotted on the ae’rial-survey isodose charts

and the gamma intensity at each station was estimated

by extrapolation between the isodose contours. Becscse

the gamma dose-rate values are estimated, further ex-

trapolation may contain errors. The time of gamm:~

survey and the time of sampling do not necessarily coin-

cide, so the interviewing horizontal translation of the

water mass can introduce displacement errors.

The surface activity, as beta disintegration per min-

ute per Iiter, has been plotted against estimated gamma

dose rate in Figure D.1. With the large variation of the

obs[ ~ VeL!c!~ta,it is not possible to confirnl the caIcu -

lated value of 4.43 x 106 (dis ln]in)/liter for 1 mr/hr

gamma at 3 feet. Ho,.e,; cr, th~ resu!ts do indic~:e that

the general n)agnit,ldc of this ashun.ption i> corlt ct

D,~ D~pT}f s~~l~L~s

Particulate salt sepsr~tion mci beta analysis were

performed on a group of depth s:lmples supplied by

Project 2.62 (SIC)). The tour.! :i!nc corrections for

radioactive decay were made to the rnem of the counting

period for all s~mples ttithin 1 group. The data from

Shots Flathead ~nd Savljo are summarized in Table

D.5, and from Shot Tewa in Table D.6.

These values are plotted in Figures D.2 and D.3.

Activities below 10 dis/min are not particularly valid,

because they correspond to counting rates below the

statistic~lly reliable level. The surfflce actitity for

samples from Shots Flathead and Tewa are based on

the average of several identical samples. The surface

activity for Station Y-17, after Shot Navajo, is based on

a single sa:nple and may not represent the actual surface

conditions. A mixing depth of 60 meters is indicated by

this data (Figl~re 3.26).
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